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SUMMARY
Yersinia enterocolitica is an important cause of acute gastrointestinal disease and post-infectious
complications. In Germany, incidence of reported yersiniosis is relatively high compared with
other countries of the European Union. Children aged <5 years are most frequently affected.
The aim of our study was to identify risk factors for sporadic yersiniosis in Germany. A
population-based case-control study was conducted in five federal states of Germany from
April 2009 to June 2010. Cases exhibiting gastrointestinal symptoms were notified to the local
health department with a Yersinia enterocolitica infection culture-confirmed from stool. Controls
were selected from population registries and frequency-matched on age group and state of
residency. Cases and controls received a questionnaire on possible risk factors by mail.
Multivariable logistic regression modelling was used to identify risk factors and to calculate
adjusted odds ratios (aORs). Population attributable fractions (PAFs) were estimated for
exposures associated with yersiniosis. We analysed data on 571 case patients and 1798 controls.
Consumption of raw minced pork, a dish frequently consumed even by young children in
Germany, was the main risk factor for disease (aOR 4.7, 95% confidence interval (CI) 3.5–6.3,
PAF 30%). This association varied by age group and, unexpectedly, was strongest for children
aged <2 years (aOR 17.5, 95% CI 6.0–51.2). Other independent risk factors included recent
preparation of minced pork in the household (aOR 1.4, 95% CI 1.1–1.9, PAF 21%), playing in a
sandbox (aOR 1.7, 95% CI 1.3–2.4, PAF 17%), and contact with birds (aOR 1.7, 95% CI
1.1–2.6, PAF 4%). Prevention efforts should specifically target parents and caregivers of young
children and focus on the high infection risk associated with consumption of raw minced pork.
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INTRODUCTION
Yersiniosis is a zoonotic gastrointestinal disease
caused by infections with the bacterium Yersinia
enterocolitica. Disease is usually characterized by
diarrhoea and abdominal pain. Sequelae of infections,
such as reactive arthritis or erythema nodosum, occur
in some cases. In Germany, yersiniosis caused by
Y. enterocolitica is a notifiable disease. In 2010, 3364
cases were reported, corresponding to an incidence
of 4/100 000 population [1]. Compared to other
countries of the European Union, this incidence
is relatively high [2]. Small children, in particular
those aged 1 year, are most frequently affected by
yersiniosis, with incidence as high as 48/100 000 popu-
lation in 2010 [1]. Pronounced incidence differences
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exist between German federal states, which are mainly
driven by incidence differences in children aged <5
years [3].
In Germany, infections with Y. enterocolitica
typically occur sporadically ; disease outbreaks are
rare [3]. The main human pathogenic serotype is
Y. enterocolitica O:3, but other serotypes such as
O:9, O:5,27, and O:8 have also been associated with
disease in humans [4]. The main reservoir of human
pathogenic serotypes, in particular serotype O:3,
biotype 4, are pigs [5]. The association of disease with
consumption of raw and undercooked pork or pork
products is well established [6–10]. However, other
risk factors, for example, consumption of untreated
drinking water [7], eating in a canteen [10], and, for
children, use of a pacifier and contact with pet dogs
and cats [9] have also been described. Studies are
scarce in children, the population group most affected
in Germany and other European countries [3,11].
A case-control study was conducted to identify risk
factors for sporadic Y. enterocolitica infections in
Germany. Additional aims were to find possible
explanations for high disease incidence in very young
children as well as for marked regional incidence
differences.
METHODS
Data collection and storage procedures were ap-
proved by the Federal Commissioner for Data
Protection and Freedom of Information and by the
State Data Protection Commissioners of the federal
states participating in the study.
Study design
A population-based case-control study was con-
ducted in five federal states of Germany (Bavaria,
Brandenburg, Hesse, Saxony-Anhalt, Thuringia)
from 15 April 2009 to 30 June 2010. The mean annual
incidence rates (2001–2010) of yersiniosis in the
federal states participating in the study ranged from
high (Thuringia, 21 notified illnesses/100 000 popu-
lation; Saxony-Anhalt, 15/100 000) to intermediate
(Brandenburg, 9/100 000) and low (Hesse, 5/100 000;
Bavaria, 4/100 000).
A case was defined as illness in a person notified to
the local health department during the study period
with a Y. enterocolitica infection culture-confirmed
from stool presenting with at least one of the follow-
ing symptoms: diarrhoea, abdominal pain, tenesma,
vomiting, and fever. Case patients were recruited
by local health authorities. Cases were excluded
from data analysis if they had travelled abroad in the
7 days prior to onset of symptoms or if disease onset
preceded completion of the questionnaire by >60
days.
Controls were frequency-matched to cases by age
group and federal state (control :case ratio 3:1). For
selection of population-based controls a two-step
procedure was applied. First, 10–15 counties within
participating federal states were selected randomly
with a probability of selection proportional to popu-
lation size. Second, county authorities provided
randomly selected addresses of persons belonging to
defined age groups (0–4, 5–14, o15 years) from local
population registries. Questionnaires for controls
were sent out monthly throughout the study period.
Controls were excluded from data analysis if they had
travelled abroad in the 7 days before completing the
questionnaire.
Data collection
Cases and controls were invited to complete a stan-
dard, self-administered questionnaire that had been
sent to them by mail. The questionnaire inquired
about exposure to potential risk factors such as recent
travel abroad, consumption of certain food items,
eating habits (including diet, eating out), contact with
animals (including pets and farm animals), indicators
of person-to-person transmission (e.g. preceding
diarrhoeal disease in the same household), use of
medication (including gastric acid inhibitors), occu-
pational exposure, as well as basic demographic in-
formation (e.g. month and year of birth, postal code,
level of professional education, immigration status,
number of persons living in the household). Cases
were also asked about their illness (e.g. disease onset,
duration, symptoms). Certain questions regarding
exposure were only posed in the questionnaire for
children (e.g. playing in a sandbox, use of a pacifier
for children aged<5 years). Questions referred to the
7 days preceding onset of symptoms for cases and to
the 7 days preceding completion of the questionnaire
for controls. Parents/caregivers were asked to com-
plete the questionnaire for children aged <15 years.
Data analysis
Data was entered into an EpiData database (version
3.1, The EpiData Association, Denmark) and
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validated by means of double data entry. Where
possible, information on serotype of the Y. entero-
colitica isolate of cases was obtained from the
national surveillance database of notified cases hosted
at the Robert Koch Institute. Data was analysed with
Stata 11 (Stata Corporation, USA).
Single-risk variable analysis including a total of 78
variables was conducted by computing adjusted odds
ratios (aORs) and 95% confidence intervals (CIs)
using logistic regression, adjusting for the matching
variables age group and federal state. Statistical
significance was assessed by Wald tests. Variables
with P values of<0.2 in this analysis were considered
for multivariable logistic regression modelling, which
was employed to investigate the relation of exposure
variables with yersiniosis. Pairwise correlation was
examined for variables that measured related ex-
posures, for example, consumption of meat products
and consumption of pork products. If the correlation
coefficient (Cramer’s V) was >0.25, only one variable
of the pair was selected for model building, based on
plausibility. Multivariable analysis commenced by
fitting a model with a starting set of variables, selected
as described above. Then, terms with the highest
P value (Wald test) were eliminated from the model
sequentially until P values for the remaining variables
were f0.05. Matching variables (age group, federal
state) were forced into the model. The variable
age was further subgrouped (0–1, 2–4, 5–14, 15–39,
40–59, o60 years) to control any remaining con-
founding. Finally, the eliminated variables were indi-
vidually re-introduced into the final model and tested
for significance. Statistical interactions between vari-
ables in the final model were assessed by likelihood
ratio (LR) tests for logistic regression models with
and without the multiplicative interaction term.
The proportion of Y. enterocolitica infections at-
tributable to each significant risk factor in the final
multivariable model [population attributable fraction
(PAF)], assuming causality, was estimated using
methods described by Bruzzi et al. [12]. Confidence
intervals were calculated in R, version 2.12.0 [13],
using the percentile method for samples ob-
tained by an age-group and federal-state stratified
bootstrap [14].
Missing data
Despite detailed instructions on completing the ques-
tionnaire, a substantial proportion of study partici-
pants answered questions presented as choices from
item lists, e.g. on consumption of various meat pro-
ducts, by only marking ‘Yes’ for items they had con-
sumed and leaving the answer options ‘No’ or ‘Don’t
know’ for other items from the same list blank. For
data analysis, missing answers for questions from an
item list were converted to ‘No’ if the answer had
been left blank and for one or more answers of the
same item list only the option ‘Yes’ was chosen.
Missing answers were converted to ‘No’ for questions
that were skipped because the introductory question
had been answered with ‘No’. Missing data regarding
exposure variables that did not apply to all age groups
(e.g. use of a pacifier in age groups aged o5 years,
playing in a sandbox in age group aged o15 years)
were converted to the answer ‘No’ for persons in age
groups to whom the question was not posed.
Variables were not included in multivariable analyses
if the proportion of missing values was high (>20%).
RESULTS
Study population
During the study period, 644 questionnaires were re-
turned by case patients, corresponding to about 42%
of all cases reported to the Robert Koch Institute by
local health authorities participating in the study via
state health authorities of the five federal states. Of
those, 571 (88.7%) were included in data analysis.
Patients were excluded from data analysis because
they had travelled abroad in the 7 days prior to dis-
ease onset (n=39, 6.1%), were asymptomatic (n=8,
1.2%), or onset of symptoms preceded completion of
the questionnaire by >60 days (n=26, 4.0%). The
median time interval between disease onset and com-
pleting the questionnaire was 19 days (interquartile
range 13–26 days). Case patients did not differ sub-
stantially from all notified cases in the surveillance
database with respect to age, sex, residence in federal
state, and serotype distribution. Thirty-six per cent of
the questionnaires mailed to controls were returned
(n=1892), and 1798 (95.0%) were included in the
data analysis. Controls were excluded from data
analysis because they had travelled abroad in the
7 days before completing the questionnaire (n=79,
4.2%), or the questionnaire had been answered for
more than one person (n=15, 0.8%).
Cases were slightly younger than controls (median
age 8 years vs. 9 years, respectively), 38% of cases
and 33% of controls were aged <5 years. Fifty-six
per cent of cases and 49% of controls were male.
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Thirty-five per cent of cases resided in the federal
state of Bavaria, and 24% in the state of Thuringia
(Table 1). The composition of the study population
was similar to all cases notified in the five participat-
ing states during the study period with respect to
age group (all notified cases : 36.5%, age group 0–4
years ; 30.4%, 5–14 years ; 33.1% o15 years), sex (all
notified cases : 56.5% male), and federal state (all
notified cases : 33.2% Bavaria, 9.3% Branden-
burg, 17.3% Hesse, 13.6% Saxony-Anhalt, 26.6%
Thuringia).
Serotypes
Information on the serotype of the Y. enterocolitica
isolates was available through the national surveil-
lance database for 563 (98.6%) cases, 514 of which
had complete entries specifying the serotype. Of
those, 93.6% had been infected with serotype O:3,
5.1% with serotype O:9, 0.4% with serotype O:5,27,
and 1.0% with another, unspecified serotype. No case
patient included in the data analysis had been infected
with serotype O:8. Serotype distribution in the study
population was similar to the distribution in all cases
notified in the five participating states during the
study period: 90.9% serotype O:3, 5.4% serotype
O:9, 0.7% serotype O:5,27, 0.7% serotype O:8, 2.3%
other, unspecified serotype.
Risk factors associated with Y. enterocolitica infection
In single-risk variable analyses, 22/78 variables were
associated with illness (P<0.2). Of those, four vari-
ables were excluded because they correlated strongly
with another variable (e.g. frequent consumption of
pork correlated with recent consumption of heated/
cooked pork) or because the proportion of missing
values was high (use of medication other than gastric
acid inhibitors, 23% missing values), resulting in a
starting set of 18 variables for multivariable modelling
(Table 2). The proportion of missing values of vari-
ables considered for multivariable analysis ranged
from 0% to 19% (average 6%) in cases, and from
0% to 9% (average 3%) in controls. The proportion
of missing values was higher for variables that
described recent consumption of specific food items
(e.g. recent consumption of beef) than for variables
that described eating habits (e.g. frequency of eating
out) or sociodemographic characteristics (e.g. pro-
fessional education).
A total of 352/571 cases (62%) and 1495/1798
controls (83%) had complete data on all variables
included in the final multivariable logistic regression
model. Four exposure variables, referring to the 7 days
preceding disease onset, were positively and sig-
nificantly associated with illness : consumption of
raw minced pork, preparation of minced pork in the
Table 1. Descriptive analysis of the study population (N=2389) in the case-







Median age (range) 8 yr (0–86 yr) 9 yr (0–87 yr)
Age group (yr)
0–4 214 (37.5) 592 (32.9)
5–14 197 (34.5) 668 (37.2)
o15 160 (28.0) 537 (29.9)
Missing 0 1
Sex
Male 318 (55.8) 867 (48.8)
Female 252 (44.2) 910 (51.2)
Missing 1 21
Federal state
Bavaria 202 (35.4) 672 (37.4)
Brandenburg 59 (10.3) 183 (10.2)
Hesse 83 (14.5) 251 (14.0)
Saxony-Anhalt 88 (15.4) 274 (15.2)
Thuringia 139 (24.3) 418 (23.3)
Missing 0 0
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household, contact with birds, and playing in a sand-
box. The association between illness and consumption
of raw minced pork was the strongest (aOR 4.7, 95%
CI 3.5–6.3). Two exposure variables were negatively
associated with illness : consumption of raw vege-
tables, and consumption of beef (Table 3). The inter-
action between consumption of raw minced pork and
age group was statistically significant, albeit border-
line, in the multivariable logistic regression model
(LR test, P=0.049). The association between con-
sumption of rawminced pork and illness was strongest
for the youngest age group (0–1 years : aOR 17.5,
95% CI 6.0–51.2) and about four times lower for age
groups 2–4, 5–14, and 15–39 years. The association
was weakest for persons aged o40 years (Table 3). In
a separate multivariable model restricted to this age
group, only recent eating at a takeaway (aOR 6.6,
95% CI 2.4–18.2) and contact with birds (aOR 4.6,
95% CI 1.7–12.8) were significant risk factors. In a
multivariable model restricted to children aged <5
years, consumption of raw pork was the only sig-
nificant risk factor (aOR 6.3, 95% CI 4.9–10.0) con-
firming results obtained from the multivariable
model for all age groups. The interaction between
Table 2. Single-risk variable analysis* in the case-control study of risk factors for sporadic yersiniosis







n (%) aOR 95% CI
P
value$
Consumption of raw minced pork (yes/no) 175 (34.1) 205 (11.9) 4.3 3.4–5.6 <0.001
Consumption of pig offal (yes/no) 14 (2.6) 26 (1.5) 2.1 1.0–4.1 0.037
Consumption of ‘Mettwurst ’ (sausage prepared
from raw pork) (yes/no)
54 (10.2) 90 (5.2) 2.0 1.4–2.9 <0.001
Preparation of minced pork in the household (Yes/No) 340 (72.0) 1039 (59.1) 1.7 1.4–2.2 <0.001
Playing in a sandbox (Yes/No) 207 (38.7) 537 (31.0) 1.5 1.2–2.0 0.001
Bird contact (pet birds or wild birds) (yes/no) 50 (8.8) 107 (6.0) 1.5 1.0–2.1 0.031
Consumption of cooked pork (yes/no) 348 (71.5) 1120 (66.5) 1.4 1.1–1.7 0.009
Sex (male/female) 318 (55.8) 867 (48.8) 1.4 1.1–1.6 0.002
Consumption of salami (yes/no) 382 (73.0) 1162 (67.5) 1.3 1.0–1.6 0.025
Eating at a takeaway (yes/no) 72 (13.7) 179 (10.1) 1.3 0.9–1.7 0.115
Children wearing diapers living in the same
household (yes/no)
64 (11.5) 263 (15.1) 0.9 0.9–1.0 0.132
Attending day care (yes/no) 163 (28.7) 529 (29.8) 0.8 0.6–1.1 0.116
Eating at a private home (yes/no) 201 (39.0) 720 (40.7) 0.8 0.7–1.0 0.112
Consumption of beef (yes/no) 217 (46.7) 922 (56.1) 0.7 0.6–0.9 0.001
Attending play group (yes/no) 25 (4.4) 95 (5.4) 0.7 0.4–1.1 0.115
Advanced professional education (graduate degree
or similar) (yes/no)
142 (25.5) 547 (31.3) 0.7 0.6–0.9 0.009
Consumption of unpasteurized milk (yes/no) 21 (3.8) 108 (6.1) 0.6 0.4–1.0 0.050
Consumption of raw vegetables (yes/no) 313 (60.5) 1268 (72.3) 0.5 0.4–0.7 <0.001
aOR, Adjusted odds ratio ; CI, confidence interval.
* Logistic regression, adjusted for age group and federal state.
# Exposure variables listed comprise the starting set of exposure variables used for multivariable logistic regression models.
$ P value from Wald tests.
The following exposure variables were not significantly associated with illness (Po0.2) : recent consumption of meat or meat
products from sheep, chicken, turkey, wild boar, or deer, sausages containing raw pork (other than those listed in Table 2),
heated minced pork, sprouts or lettuce ; frequent (once a week or more) consumption of beef or poultry ; buying meat and
meat products mainly fresh rather than pre-packed or frozen ; having recently eaten at a restaurant, fast-food restaurant, or
canteen ; recent contact with dogs, cats, rodents, reptiles, cattle, pigs, horses, or wild animals ; a person with diarrhoea in the
same household or in the same environment (e.g. kindergarten, work place) ; occupational exposure to animals or raw meat ;
occupational exposure to children aged <6 years ; recent visit to private day care (‘day nanny’ ; question posed in children’s
questionnaire only) ; use of a pacifier (question posed only if children were aged <5 years) ; use of antibiotics or gastric acid
inhibitors within the past 4 weeks ; chronic medical condition (diabetes, chronic intestinal illness, cancer, or chronic illness
that weakens immune system) ; having an immigration background.
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preparation of minced pork in the household and age
group was not statistically significant in the model for
all age groups (LR test, P=0.260).
The proportion of persons that had consumed raw
minced pork was between 28% and 39% in case
patients in age groups up to 40 years, and between
4% and 14% in controls in the same age groups.
Interestingly, 28% of diseased children aged<2 years
and 35% of those aged 2–4 years had consumed raw
minced pork in the 7 days preceding onset of illness
(Table 4).
Population attributable fraction
The PAF, expressed as a percentage, was determined
for each risk factor based on the final multivariable
model for all age groups without the interaction term.
Accordingly, about one third (30%, 95% CI 27–32)
Table 4. Consumption of raw minced pork in cases and controls in the
7 days preceding onset of yersiniosis, or completion of the questionnaire,
respectively, according to age group and federal state, as determined in








Total 175 (34.1) 205 (11.9)
Age group (yr)
0–1 24 (28.2) 7 (3.6)
2–4 38 (34.6) 41 (11.4)
5–14 69 (39.0) 92 (14.4)
15–39 34 (38.2) 19 (10.4)
40–59 6 (17.1) 21 (10.8)
o60 4 (22.2) 23 (16.2)
Federal state
Bavaria 45 (24.2) 31 (4.8)
Brandenburg 24 (43.6) 26 (15.2)
Hesse 22 (32.4) 17 (6.9)
Saxony-Anhalt 29 (37.7) 45 (17.1)
Thuringia 55 (43.0) 86 (21.6)
Table 3. Results of a multivariable risk factor analysis* for sporadic yersiniosis in Germany, 2009–2010
Variable aOR 95% CI P value# PAF (95% CI)
Consumption of raw minced pork in age group 0.049
0–1 yr (59 cases, 168 controls) 17.5 6.0–51.2 0.30 (0.28 to 0.32)
2–4 yr (73 cases, 293 controls) 4.7 2.6–8.6 0.33 (0.27 to 0.38)
5–14 yr (122 cases, 549 controls) 4.5 2.9–7.1 0.34 (0.29 to 0.38)
15–39 yr (61 cases, 168 controls) 4.6 2.2–9.6 0.30 (0.21 to 0.34)
40–59 yr (24 cases, 183 controls) 2.3 0.7–6.9 0.12 (x0.22 to 0.18)
o60 yr (13 cases, 134 controls) 1.6 0.4–6.5 0.09 (0.00 to 0.19)
Preparation of minced pork in the household 1.4 1.1–1.9 0.019 0.21 (0.05 to 0.35)
Contact with birds (pet or wild birds) 1.7 1.1–2.6 0.016 0.04 (0.005 to 0.06)
Playing in a sandbox 1.7 1.3–2.4 0.001 0.17 (0.09 to 0.23)
Consumption of raw vegetables 0.5 0.4–0.6 <0.001
Consumption of beef 0.7 0.5–0.9 0.002
aOR, Adjusted odds ratio (adjusted for age group and federal state of residency) ; CI, confidence interval ; PAF, population
attributable fraction.
* Based on 352 cases and 1495 controls.
# P values from Wald tests except P value for interaction term ‘consumption of raw minced porkrage group’ (likelihood
ratio test).
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of illnesses due to Y. enterocolitica infection could
be avoided in the population if consumption of raw
minced pork was eliminated. The total attributable
fraction for all risk factors (aOR>1) listed in Table 3
was 54% (95% CI 45–62). The PAF was estimated
for the main risk factor ‘consumption of raw minced
pork’ in each age group and was highest for age
groups aged <15 years (Table 3).
DISCUSSION
To our knowledge, this study is the largest case-
control study to investigate risk factors for yersiniosis.
Consumption of raw pork was the main risk factor for
sporadic Y. enterocolitica infections, explaining about
30% of all infections in Germany. Unexpectedly,
the association between consumption of raw pork and
illness was even more pronounced in young children.
This offers one explanation for the more than tenfold
higher average annual incidence of yersiniosis in
children aged <5 years, particularly 1-year-olds,
compared to the German population aged o5 years,
and for incidence differences between German federal
states, which are primarily attributable to incidence
differences in young children [3].
It is biologically plausible that consumption of raw
or undercooked pork is the main driver of yersiniosis
incidence in Germany. About 90% of notified cases
are typically infected with Y. enterocolitica biotype 4,
serotype O:3, which is frequently isolated from pigs
[2, 5, 15–17] and pork samples [2, 5], and the disease
association has been established in case-control
studies conducted in other countries [6–10]. However,
the importance of raw or undercooked pork for
yersiniosis in young children in Germany was
previously unknown. The association found in the
present study varied by age group and was strongest
in children aged <2 years. In this youngest age
group exposure prevalence in controls was dis-
proportionately lower than in older age groups,
whereas exposure prevalence in cases was com-
parable. Lack of previous exposure and, in con-
sequence, lack of any specific immunity against
Y. enterocolitica, in combination with a generally still
less mature immune system [18], may predispose
young children to infection and disease. Exposure
to raw minced pork generally was unexpectedly fre-
quent, even in young children. About 30% of cases
and about 9% of controls aged <5 years had eaten
raw minced pork in the 7 days before onset of ill-
ness or completion of the questionnaire, respectively.
This disturbing finding appears unexceptional for
Germany. In a survey of 145 healthy children con-
ducted in Belgium in 1985, 36% of the children had
eaten raw pork by the age of 5 years, and the median
age of first exposure was 18 months [6]. Consumption
of raw pork was identified as a risk factor for
yersiniosis in Belgium as well [6], and, subsequently,
measures were taken to prevent contamination of
meat during the slaughtering process and to dissuade
consumers from eating raw or undercooked pork,
which resulted in a significant decrease in Y. entero-
colitica infections [19].
Raw minced pork mixed with spices and, option-
ally, onions (known as ‘Mett ’ or ‘Hackepeter ’)
spread on a bread roll is a commonly consumed dish
in Germany, mainly in the northern and eastern re-
gions. This is also reflected in the exposure data pres-
ented here. The proportion of cases and controls that
reported having eaten raw minced pork was higher in
regions where ‘Mett ’ or ‘Hackepeter ’ are commonly
eaten (eastern federal states : Thuringia, Saxony-
Anhalt, Brandenburg) than in Bavaria (southern
state). Surveillance data showed that incidence
of yersiniosis is highest in eastern federal states
(Thuringia, Saxony-Anhalt) [3]. Our data indicate
that this is due to higher exposure frequency to raw
pork in these regions compared to other regions of
the country, and only to a lesser extent, if at all, to
surveillance artifacts because of regional differences
in completeness of reporting, as is sometimes sug-
gested [20].
Consumption of raw pork was only weakly as-
sociated with yersiniosis in persons aged o40 years.
In a multivariable model restricted to this age group,
only recent eating at a takeaway and contact with
birds were significantly associated with illness.
However, the PAFs for these risk factors, based on
the final multivariable model, were relatively small
(having eaten at a takeaway, 13%; contact with birds,
10%). Further studies, with a larger number of
participants, should be conducted to elucidate risk
factors of yersiniosis in this age group. It is possible
that older persons have been repeatedly exposed to
Y. enterocolitica during their life time and developed
relative immunity. Thus, clinically symptomatic
Y. enterocolitica infections may reflect higher indivi-
dual susceptibilities or higher infectious doses, rather
than differences in exposure frequency compared to
controls.
Preparation of minced pork in the household was
also a risk factor for sporadic yersiniosis.
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Cross-contamination of kitchen utensils or food
items may occur during preparation of minced pork
if kitchen hygiene is suboptimal, which may explain
the association of this variable with illness. We did not
find an effect modification of this variable by age
group. This indicates that preparation of minced pork
in the household is not a risk factor predominantly
for adults, who presumably handle and prepare the
minced pork, but also for young children in the same
household. Transmission to children may occur via
cross-contaminated food or through interpersonal
spread, suggesting deficiencies in hand hygiene.
Playing in a sandbox has been reported as a risk
factor for sporadic infections with Salmonella enterica
serotype Typhimurium and Shiga toxin-producing
Escherichia coli (STEC) in children [21, 22]. Further
investigation is needed to discover if sandboxes pose a
true risk of yersiniosis, for example, via contami-
nation of the sand with animal faeces, or if a sandbox
is a place where the pathogen is transmitted directly
or indirectly from person to person [21]. We have no
plausible explanation as to why contact with birds
would be associated with Y. enterocolitica infections.
The proportion of cases attributable to this exposure
was small (4%). Our questionnaire did not differen-
tiate between contact with pet birds, e.g. budgerigars
or parrots, farm animals, e.g. chickens, or wild-living
birds, but direct contact with wild-living birds is likely
to be negligible. Yersinia spp. such as Y. pseudo-
tuberculosis or Y. fredericksenii, and, occasionally
Y. enterocolitica, have been isolated from a variety of
birds; however, human pathogenic Y. enterocolitica
serotypes are not typically found in birds [23–28].
There are several possible limitations to our study.
Even though our study was relatively large, it still did
not have sufficient power to elucidate specific risk
factors for Y. enterocolitica serotypes other than O:3
because most (94%) case patients were infected by
serotype O:3. Case patients were recruited from no-
tified, laboratory-confirmed cases and may not be
representative of all yersiniosis cases in the popu-
lation. Patients seeking medical care and triggering
microbiological examination of stool samples because
of a gastrointestinal illness are more likely to be
young children or to suffer from a more severe
or prolonged course of illness [29]. Furthermore,
detailed clinical information on case patients, for ex-
ample on complications such as concurrent bacter-
aemia in young children, is not routinely collected
through the notification system [3]. Differential recall
between cases and controls is an inherent source of
bias in case-control studies. In our study, the recall
period for cases was almost 3 weeks further in the past
(median of 19 days between disease onset and com-
pletion of questionnaire) than for controls (past 7
days). This is reflected by the higher proportion of
missing values for questions regarding consumption
of various food items in cases compared to controls.
Cases may not have remembered consumption of
specific food items as well as controls. This may have
led to an underestimation of the strength of the
association and, in consequence, of the PAF. It is also
possible that cases already knew or suspected that raw
pork was a risk factor for yersiniosis when complet-
ing the questionnaire, which may have resulted in
an overestimation of the association between con-
sumption of raw pork and illness. However, yersi-
niosis and possible risk factors for the disease are not
generally known by the public, as opposed to, for ex-
ample, salmonellosis, and, therefore, it appears un-
likely that prior knowledge about this risk factor may
have biased our results.
Despite efforts to control foodborne pathogens
in animals and food [30], and measures suggested
for reducing Y. enterocolitica on pig carcasses in the
slaughtering process [31, 32], Y. enterocolitica was
isolated from about 5% of pork product samples and
about 2% of minced pork samples in Germany, ac-
cording to recent data [2]. Therefore, educating con-
sumers about risks associated with consumption of
raw pork products currently appears to be the most
effective preventive measure for consumer protection
from Y. enterocolitica infections.
CONCLUSIONS
Most yersiniosis cases are foodborne. Consumption
of raw minced pork was the main risk factor of
sporadic yersiniosis in this study, and is a frequent
habit not only in the German adult population, but
also in young children. The pork consumption pattern
elucidated in this study offers a suitable explanation
for the relatively high yersiniosis incidence in young
children and the marked regional incidence differ-
ences within the country. Prevention efforts should
specifically target parents and caregivers of young
children and focus on the high infection risk asso-
ciated with consumption of raw minced pork. This
would be likely to reduce incidence in children of
other infections caused by pork-associated pathogens
such as Salmonella enterica serotype Typhimurium.
Furthermore, efforts should be increased to educate
Risk factors for sporadic yersiniosis in Germany 1745
the public about proper kitchen hygiene. Finally, pig
slaughtering techniques and meat handling processes
should be improved to prevent contamination of
meat with Y. enterocolitica, particularly meat used for
preparation of raw minced pork.
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